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Abstract 
The Ruoergai peatlands play an important role in regulating the hydrology of vast upland rangelands and downstream 
regions - the Yellow River watershed, maintaining the biodiversity and providing living space for Tibetan pastoralists. 
With various channels of funds, substantial measures were taken to stop or reverse the degradations. However, the 
degradations associated with over-grazing and other improper resources utilization remain unsolved. The satellite 
images in 1977 and 2007 were analyzed with the aid of field survey through peat coring to assess the dominant 
degradations and seek further solutions for the sustainable land management in this area. Results show that 77% of 
peatlands were degraded by overgrazing and artificial drainage change for more cultivation land. Approximately, 
1,568 ha of the degraded peatlands have been successfully restored by damming approach. The ecosystem functions 
such as their resilience to climate change and adaptive capacity to the local and downstream communities may be 
restored through damming approach with very little expense.  
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As a part of the Qinghai-Tibetan Plateau, the Ruoergai Plateau contains the world’s largest high -
altitude peatlands [1-2] and plays an important role in large-scale water balance, carbon sequestration, 
and biodiversity preservation. The Plateau is the major water resource of the Yellow River and functions 
as natural sponges through either buffering water resulting from rain fall and snowmelt events or slowing 
down the release of water to the downstream areas, sustains unique biodiversity, particularly being a 
breeding site for Black necked crane (Grus nigricollis), supports some endemic and endangered 
Himalayan species [3], and maintains a unique Tibetan cultural heritage.  
However, many studies indicated substantial degradations of the peatland environment in various 
formats. For example, alp ine wet land in Tibetan Plateau decreased by 10% and wetlands degradation 
caused by hydrological alteration led to water flow reduction in past decades [4]. So il organic matter 
content, total contents of N and P reduced but the total K increased under the human disturbance [5]. 
Aquatic ecosystems were gradually replaced by meadow vegetation with water level lowered. The 
dominant Carex vegetation community in the past has now been replaced by Kobresia tebetica [6].  
The peatland degradations have been attributed to many factors such as overgrazing, min ing, drainage, 
and logging activities with enormous social-economic consequences [7] while global climate change may 
also play a role. Whether the degradation was induced by the human interventions or triggered by climate 
change remains unknown. The degradation mechanism of the peatlands is unclear although recent study 
using remote sensing and GIS tools provided some insight into Ruoergai wetland landform change [8]. 
Accurate estimation of degraded areas suffers from confused classification for the wetland and lack of 
detailed data. Further, the suggested solutions lacked summary informat ion for the government policy 
makers and the public. Th is paper is intended to provide summary  information  of degradations with 
remote sensing data and literature review and present an integrated restoration model used to control the 
degradation.  
2.  Material and methods 
2.1.  Area description 
The Ruoergai Plateau is situated at the north-eastern edge of the Qinhai-Tibetan Plateau (32.20° - 
34.10° N /  102.15° - 103.50° E) with an  average alt itude of 3,400 m and total areas of 10,000 km2, 
composing of peat bogs, sedge marshes, lakes, and wet grasslands and interspersed with low hills and 
drier grasslands. With a harsh, cold and wet climate (long winters and rather short summers ) mean annual 
temperature was 1.1-3.6°C and mean annual precipitation between 612-770 mm (major precipitation 
occurs between May and September). The Ruoergai Plateau appears as a fairly plane glacial landscape 
with small mountain ranges of several hundred meters in height. Trias sic sandstones and Tertiary 
sediments constitute the dominant bedrock [1]. Most valleys are backfilled by several meters of thick 
loess deposits and colluvial sediments. Little permeable Triassic sandstone, clayey Tertiary sediments of 
the former Tethys Sea, loess deposits, and colluvial sediments seal the bottoms of the valleys [9] and 
facilitated together with the humid climate the development of large peatlands - major part o f China’s peat 
resources with 5.54x103 Tg carbon sequestered in the Ruoergai peat lands that accounts for 6.2% of soil 
organic carbon in China [10]. 
2.2.  Data collection and processing 
The extent and degradation status of peatlands of the Ruoergai Plateau was derived from the results 
of a remote sensing study [11]. Landsat ETM images were used and subjected to threshold classification, 
using ground truth data obtained during several field surveys. The thresholds were defined for the visible 
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red (Red) and near infrared (Nir). The Normalized Difference Vegetation Index (NDVI) method described 
in [12] was followed in image-classification. Ground truth was classified as 'mires', and 'degraded 
peatlands'; Non-peatland areas were classified as 'rangeland' when their vegetation cover was more than 
10 % and as 'sand' when it was less. To quantify recent degradation, NDVI histograms from 1977 
(Landsat MSS images) and 2007 (Landsat ETM  images) were compared. Vegetation survey was 
undertaken in selected samplings in 2x2 m or 3x2 m plots when they were  near lakes or water. The 
species identification was based on their layers. Informat ion and data associated with wetlands 
biodiversity and social economy over the past years were collected through literature reviews. 
3.  Results and discussion 
3.1.  Degradation of peatlands 
Of the total area of approximately 475,000 ha of the peatlands on Ruoergai plateau, 109,612 ha or 
only about one quarter of the total peatland area was in  good condition while 363,736 ha was identified at 
various stages of degradation. The remaining flat  areas were classified as rangeland (268,954 ha), sand 
(32,930 ha) and water (15,513 ha). Only an  area of 28,543 ha showed less degradation in 2007 than in 
1977. A comparison of recent satellite images with historic images revealed that degraded peatlands had 
already been widespread 30 years ago although the area of degraded peatlands since 1977 was doubled.  
      Over the peatland areas, the establishment of the grazing showed a great jump by 1.5 times in the 
1960’s, and a 36-40% increase during the 1970’s and 1980’s as indicated by the total number of wild 
animal heads (Table 1). However, the total number of animals in the late 1980’s displayed very little  
difference from in 2006.  
Table 1. Summary of livestock during 1949-2006 in Ruoergai County 
 
Year Yak (heads) Sheep Horse Total 
(heads) (heads) 
1949-1959 112,475 128,709 20,174 261,358 
1960-1969 157,908 418,372 30,572 606,852 
1970-1979 230,016 566,246 31,831 828,093 
1980-1988 621,358 520,914 25,279 1,167,551 
2006 510,263 631,828 21,014 1,163,105 
     The large-scale peat mining during the 1980’s to early 2002 was also considered as one cause of the 
degradation in Ruoergai Plateau as consequence of rising demands for energy resulting from increasing 
population. Local people harvested about 9,500 tons of peat for heating and cooking within p eat cutting 
sites before peat mining was finally stopped in 2003. 
     Land forms have also been greatly changed in past decades. The remote sensing data revealed that 
sandy area expanded to 36,760 ha and continue to increase at 4.22% per year while grasslands increased 
by 816 ha every year during 1966-2000 [13-14]. Water surface decreased by 842 ha; Six lakes of 17 high 
altitude lakes dried out during 1985-2000 while the rest lakes also shrank [13]. According to a s mall scale 
(3.4 ha) wet land survey [14], the mire reduced to 346,271 ha from the prev ious 433,902 ha; lake reduced 
to 1,644 ha from 2,507 ha and riverine wetlands decreased to 9,765 ha from 18,789 ha during 1975-2002. 
Artificial drainage was another factor to cause modification of peatland environment. Drainage in 
Ruoergai Plateau occurred in early 70s of the last century. About 380 km of canals were drained, which 
doubled the area for cu ltivation and brought about quick expansion of the population of livestock, 
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quadrupled from 580,000 to 2,300,000 during 1958 and 2002. However, the drainage for cultivation 
operation was finally proven to be failure as ill-guided policy. 
 The degradation of the high altitude wetlands was frequently attributed to the changes of hydrological 
function. In the source region of the Ruoergai where the wetlands declined more severe drought may be 
caused by the changes in hydrological phenomenon such as increasing low water runoff, frequent rare 
larger runoff, and decreased regular runoff [15]. As a result, the water regula t ion capacity of all the 
wetlands was declined and the perennial standing peatland was replaced by seasonal wetlands [5].  
 The water storage capacity of the Ruoergai peatlands was declined (i.e. significant reduction in 
groundwater table and water supply especially in the dry years). The water level reduced 61, 63, and 47 
cm at small, medium, and large drained canals, respectively. The reduction of peatland water storage 
capacity can substantially affect ad jacent dry-lands water availability in d ry season. Some grassland could 
not yield normally when water level decreased. With the increasing degradation of rangelands the 
importance of peatlands as grazing ground is steadily rising. More cattle are forced to trample the 
peatlands for water.  
 With water level rising and peat rewetted, soil moisture and water capacity increased periodically. The 
comparative analysis on water storage capacity at 0-15, 15-40, and 40-100 cm in mire soil, wet meadow 
soil, and sandy soil indicated maximum water holding capacity reached 503.19%, 81.52% and 73.33%, 
respectively [16]. The unpublished data demonstrated that water capacity was much higher at 0-15 cm in 
the mire soil but higher at 20-55 cm in sandy soil and no apparent change was found in meadow soil. This 
may be related to a strong correlations with peat porosity and soil texture on the top of the peatlands and 
soil organic content increase owing to the decrease of water table and enhanced vegetation growth and the 
peat organic matter accumulation [17]. 
Large-scale modification to peatland environment has significantly changed the total vegetation and 
composition and plant succession patterns in the region. Several studies suggested that originally 
dominant Carex muliensis peat, Carex muliensis -Potamogeton peat, Carex las iocarpa-Utricularia sp. peat, 
Kobresia tebetica-Calth scaposa peat have decreased [18]. Instead, K. tibetica-Calth scaposa peat, C. 
muliensis-C. meyeriana peat, Blysmus sinocompressus peat, K. tibetica-C. muliensis peat became as 
dominant vegetation commun ities, which has been attributed to hydrological and soil changes in this 
region [19].  
3.2.  Restoration practices 
Multiple-act ions have been taken through wise use of grassland programs. These programs intended to 
(i) reduce the degradation by increasing public awareness; (ii) zone and fence each parcel of the land 
based on the ecological and agricultural usage into non-grazing, grazing, and seasonal grazing  areas; The 
non-grazing areas are fenced and seasonal rotational grazing can be not used from May 15-June 30 and 
August 5- September 20 in terms of the grass greening and seed maturation. This system will last for 10 
years; (iii) contract the land out to the herders. By 2002, all the grasslands have been contracted out to the 
herders. (iv) change tradit ional Tibetan nomadic practice into a new modernized  fix-grazing system; And 
(v) local governments pool fund fo r both ecological management and required follow-up act ions 
including: pool more funds to build  new houses to improve living conditions of the local c ommunity and 
health care and children education while Chinese central government made preferential policies and 
contributed funds to support the development and ecological improvement for Tibetan areas .  
Technically, b locking canals was an approach on-going in this region and could continue to be the 
solution to restoring the peatland environment. As an example to evaluate the effects of  restoration, local 
government selected 10 ha of the peat cutting site to restore. The objective was to revegetate the site, 
mainly to prevent further erosion and peat oxidation. The former peat cutting was done to 2 m deep. One 
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concrete dam or some dams made of bags filled with peat were built in the mined pits to rewet the area. 
The restoration results showed the water table increased 50 cm and the area of water enlarged to 200 ha. 
The field campaigns found that succession process of the aquatic vegetation had started. Before the 
restoration, dominant landscapes were meadow, wet meadow and seasonal wet lands or no vegetation  in 
the mined areas. By the monitoring time, Blysmus sinocompressus, Blysmus sinocompressus-
Deschampsia caespitosa and Carex muliensis Blysmus sinocompressus could be observed in the restored 
sites. Menyanthes trifolia, Utricularia, Carex lasiocarpa, Equisetum heleochoris grew within the b locked 
canals. So far some 1,568 ha of the degraded peatlands have been restored by blocking canals , gully 
erosion control and revegetated in Ruoergai Plateau. 
     Another effective reduction approach to prevent peatland degradation was to exp lore other income 
potential, which could potentially reduce the sole dependence of local economy on livestock industry, 
thus, alleviate the degradation of peatlands. Recently, tourism as a chance for stimulating local economy 
is developing very rapidly with the well-established infrastructure such as roads and airport. Tourists from 
the Chinese lowlands are attracted by the high plateau, its open- and wilderness, high altitude lakes as 
well as by the culture of Tibetans. The number of tourists visited the plateau was increased from 50,000 in 
2000 to 500,000 in  2007. The rat io of the tourism in local GDP increased from 28.7 % of 2002 to 31.8 % 
of 2007. It is expected more local people will shift from livestock to tourism service.  
 It is clear that the peatlands in this region more or less are facing attentions both from resources claim 
by local people and requirement of resource sustainability by government. It is the exploring factor that 
influences peatland management at Tibetan Plateau scale as described by the drivers–pressures–state–
impact–response (DPSIR) framework [20] as well as broad scale peatlands management options. Using 
above framework, we have analyzed the Ruoergai case and suggested a model to reduce the degradation 
of the wetlands and biodiversity in this region (Fig. 1). 
From modeling, it is aware that ecological conservation and restoration mostly depends on local 
government recognition and attention to the peatlands to reverse or halt the biodiversity loss. Other 
measures or policies needs to be considered, for instance, financial t ransfer payment and the  establishment 
of the ecological compensation mechanis m. Proper public campaigns may  in crease awareness and benefit 
of local economic sustainable development as Ruoergai  plateau conservation relates to ecological 
safeguard of the Yellow River basin.  
4.  Concluding remarks 
Ruoergai peatlands are degraded for satisfying immediate demand from local people for prosperity 
reason. The degradation was mainly  attributed to overgrazing, peat mining and drainage fo r cu ltivation 
land as well as climate change. To  stop degradation process, while art ificial damming approach can be 
used, peatland conservation must be linked more effectively to future policy initiatives that take full 
account of the roles of peatlands. Many innovative management mechanis m or social eco-economic 
approaches should be applied, including: 1) market  and non-market must be integrated into peatlands 
ecosystem management; 2) economic and ecological audit ing should be used as a tool for promoting 
sustainable land use; 3) the government at  all levels should pool more funds to speed up rural 
development and improve the infrastructure to reduce the ecological degradation main ly resulted from the 
overgrazing to ensure local communities benefits or well-beings; 4) well collaborated local governmental 
decision makers, local communities  are the basis of the successful peatland restoration.  
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Fig. 1. Ruoergai wetlands management model  
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